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(54) Apparatus for determining a blood flow during treatment of vascular occlusions 



(57) A method and apparatus for determining an 
angioplasty Induced blood flow changes, wherein the 
apparatus includes the catheter having a port for intro- 
ducing a blood property change in a downstream sen- 
sor. The downstream sensor and the catheter are 



configured to space the sensor from an adjacent vessel 
wall so as to minimize effects of the vessel wall during 
sensing of the blood property change. 
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Description 

Field of the Invantion 

[0001] The present invention relates to blood flow 
measurements and more particularly, to the real time 
determination of blood flow during vascular access dys- 
function corrective procedures whereby the efficacy of 
the procedures can be determined prior to termination 
of trie session. 

PflcKo/Qunp' of Inventiqn 

[0002] The use of intravascular catheters for treat- 
ment of the body is well known in the field of medicine. 
The use of dilation or balloon catheters has become 
widespread in the treatment, for example, of restrictions 
within the coronary blood vessels, such as stenotic 
lesions. In balloon angioplasty, a catheter canying a 
balloon at its distal end is guided through the blood ves- 
sel to a point adjacent the lesion. The placement of the 
balloon is aided by use of a f iuoroscope and radiopaque 
elements. The size and type of the balloon is generally 
selected by the physician based on his knowledge of the 
size and type of lesion. The balloon is then expanded by 
providing an expansion fluid from the proximal end of 
the catheter through a fluid lumen within the catheter to 
the balloon. The expanded balloon acts on the lesion in 
a manner to reopen at least a portion of the restricted 
vessel. The balloon Is then deflated for removal from the 
body, though sometimes repeated reinflation may be 
deemed necessary by the phyddan prior to removal. 
[0003] Though balloon angioplasty is well known as 
a safe and effective method for treatment of the vascular 
disease described above, there are still problems that 
arise during the procedure. For example, stenotic 
lesions often have a highly irregular cross-sectional 
configuration, and may vary greatly in their hardness, 
both of which make for difficulty in determining what 
size and composition of balloon to use, and how often to 
inflate It. These complications further compound the 
problem of determining the efficacy of the procedure. 
[0004] Traditionally, the angioplasty procedure is 
performed, the catheter Is removed and the procedure 
is terminated. At a later time, days weeks or months, a 
measurement is taken of Wood flow through the previ- 
ously treated vessel. Depending upon the resulting 
Wood flow, the patient may be again admitted to the 
facility and another complete angioplasty procedure 
performed. 

[0005] Prior methods for determining blood flow 
through such a reconstructed vessel include injecting a 
radioactive isotope and monitoring through external 
equipment passage of the isotope to determine blood 

flow. 

[0006] Alternatively, ultrasonic devices have been 
used to image the vessel prior to reconstruction and re- 
Image the vessel subsequent to reconstruction to obtain 



two-dimensional images of the vessel. These two- 
dimensional images are then used as basis for calculat- 
ing the blood flow through the reconstructed area. 
[0007] However, each of these procedures is rela- 

s tively complex in that it involves significant external 
equipment. In addition, these measurements are taken 
before and after the entire angioplasty procedure. Thus, 
if sufficient flow is not restored, the entire angioplasty 
procedure including reinsertion must be repeated. 

10 Thus, the patient is exposed to all the complications of 
the procedure as well as Increased hospital time. 
[0008] Therefore, need exists for a method and 
apparatus for determining Wood flow during angioplasty 
procedures such that the efficacy of the procedure and 

is reconstruction of the relevant vessel may be determined 
in real time. The need continues such that intra -proce- 
dural evaluation improvements in access flow may be 
identified. The need also exists for a relatively simple 
and inexpensive method and apparatus for determining 

20 the intra-procedural blood flow. 

Summary of the Invention 

[0009] Tfie present Invention provides a method 

25 and apparatus for the real time determination of access 
flow during procedures to correct vascular access dys- 
function. In particular, the invention provides for the 
determination of flow by dilution measurement. By 
determining intra-procedural access flow, the effective- 

30 ness of the surgical revision can be promptly assessed 
and appropriate remedial action promptly taken. As a 
physician can immediately and accurately determine 
intervention effectiveness, the procedure may be 
"tuned" to provide optimal access flow. 

35 [0010] The surgical revision may include angi- 
oplasty, angioplasty of the arteries and angioplasty of 
the veins as well as hemodialysis grafts. The aceess 
f bw may be measured in vascular grafts, arteriovenous 
shunts, arteriovenous grafts, transcutaneous shunts or 

40 fistulas, as well as arteries, veins, vascular ducts and 
channels, collectively referred to as "vessels". 
[001 1 J The present apparatus includes an elongate 
catheter having an indicator introduction port and a 
Wood property sensor spaced downstream from the 

45 port. In addition. It is contemplated the catheter may 
include a selectively expanding member such as an 
angioplasty balloon. Thus, the present invention pro- 
vides an angioplasty catheter with a Wood property sen- 
sor, wherein the any resulting change in flow rate is 

so determined prior to removal of the catheter. 

[0012] The present method provides for inserting 
the angioplasty catheter into a relevant vessel to locate 
the indicator introduction port upstream of a blood prop- 
erty sensor; locating the sensor to minimize wall effects; 

55 forming a first indicator bolus in the Woodstream 
upstream of the sensor; measuring passage of the first 
bolus past the sensor; calculating the Wood flow In 
response to the passage of the first indicator bolus, per- 
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3 EP 1 C 

forming the angioplasty procedure; introducing a sec- 
ond indicator bolus through the indicator introduction 
port; measuring passage of the second indicator bolus 
past the downstream sensor; and calculating the result- 
ing change in flow, It is understood the vessel may 
include any vascular passage through which it is 
desired to measure flow. 

[001 3] As the measurements and calculations are 
done in real time, an operator is immediately provided 
an intra-procedural quantitative measurement of flow 
through the respective vessel in response to the surgi- 
cal procedure. 

[0014] In addition, the blood property sensor may 
be configured to minimize wall effects on the signal from 
the sensor. That is, the sensor and catheter are config- 
ured to maximize sensitivity to the relevant blood prop- 
erty and minimize effects from the local region of the 
vascular wall. Further, the system is configured to bal- 
ance the need for a sufficient indicator volume to pro- 
duce a high quality dilution curve having an acceptable 
signal-to-noise ratio against an overwhelming of the ini- 
tial access flow by the introduced indicator. The present 
system also allows for minimizing the effect indicator 
introduction on the measured blood volume. 

prief Description Qf the Prfiwjpqs 

[0015] 

Figure 1 is a side elevational view of a catheter and 
an angioplasty expander member. 
Figure 2 is a schematic view of a catheter end and 
angioplasty expander member. 
Figure 3 is an enlarged cross sectional view of the 
angioplasty expander member in an expanded con- 
figuration. 

Figure 4 is a schematic view of a first configuration 
of the invention in an operative environment. 
Figure 5 is a schematic view of a second configura- 
tion of the invention in an operative environment. 
Figure 6 is a schematic view of an alternative appli- 
cation of the second configuration in an operative 
environment, 

Figure 7 is a graph representing passage of the 
indicator bolus past the sensor. 
Figure 8 is a side elevational view of a portion of a 
catheter showing a blood property sensor. 
Figure 9 is a side elevation view taken along line 9- 
9 of Figure 8. 

Figure 10 is a graph representing measured electri- 
cal impedance in relation to rotation of the sensor of 
Figures 8 and 9 adjacent a vascular wall. 
Figure 1 1 is a side elevational view of an alternative 
sensor configuration. 

Figure 12 is a cross sectional view taken along line 
12-12 of Figure 11. 

Figure 13 is a side elevation view ol an alternative 
introduction port configuration. 
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Figure 14 is a further alternative construction of an 
indicator introduction port 
Figure 15 is a graph representing passage of an 
electrical impedance indicator bolus. 
s Figure 16 is a graph representing a constant infu- 
sion of an electrical impedance indicator. 

Detailed Description of the Preferred Embodiment 

10 [0016] Referring to Figures 1-3, the present inven- 
tion includes an elongate catheter 10 having an indica- 
tor introduction port 30 and a spaced apart blood 
property sensor 40. A controller 60 and a dilution indica- 
tor source 80 are selectively connected to the catheter 

is 10, 

[0017] The present invention provides for intra-pro- 
cedural measurement of flow through the vascular sec- 
tion in which the catheter is located. Generally, the 
catheter provides for measurements relating to an 
20 inducted change in a blood property. In a preferred con- 
figuration, the change in blood property inducted by the 
Introduction of an indicator. 

[0018] It is understood the indicator is any sub- 
stance that afters a measurable blood properly. The 

25 indicator may alter any measurable parameter of the 
blood. For example, the indicator may be chemical, opti- 
cal, electrical, thermal or any combination thereof. The 
particular indicator is at least partly dictated by the 
anticipated operating environment. Available indicators 

30 include saline solutions, Increased or decreased tem- 
perature as well as dyes and various isotopes. The use 
of temperature differentials may be accomplished by 
locally creating a heat source or a heat sink in the sur- 
rounding flow. The creation of a local temperature gradi- 

35 ent offers the benefit of being able to employ a dilution 
indicator without introducing any additional volume into 
the blood flow. That is, a temperature differential may be 
created without an accompanying introduction of a vol- 
ume of indicator. Alternatively, a volume of heated or 

40 cooled blood may be introduced at the indicator intro- 
duction port 30 as the indicator. 
[001 9] Further, the present invention is applicable in 
a variety of flows including vascular grafts, arteriov- 
enous (AV) shunts, fistula, arterial vessels, venous ves- 

45 sels, arteriovenous grafts, transcutaneous shunts in 
procedures including hemodialysis and angioplasty. 
[002 0] The present i nvention may be employed as a 
dilution catheter and used in conjunction with an angi- 
oplasty catheter. Alternatively, the dilution catheter 10 

50 may by incorporated Into an angioplasty catheter. As 
the angioplasty catheter incorporating the indicator 
introduction port 30 and the spaced apart Wood prop- 
erty sensor 40 encompasses the invention, the descrip- 
tion will be set forth in terms of the angioplasty catheter. 

55 [0021] The present invention is operable in a 
number of fluid regimes, for purposes of clarity and con- 
sistency, the present invention is set forth In a blood flow 
environment The term "upstream" of a given position 
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refers to a direction against the flow of blood and the 
term "downstream" of a given position is the direction 
the blood flows away from the given position. 
[0022] Figure 1 shows the angioplasty catheter 10, 
the controller 60 and the dilution indicator source 80. 
The angioplasty catheter 10 has a proximal end 12 and 
a distal end 14, the distal end ending at a terminus 15. 
The angioplasty catheter 10 is connected at its proximal 
end 12 to a manifold 16 and includes an angioplasty 
expander member 20 at or adjacent the distal end 14. 
Although the angioplasty expanding member 20 is 
shown as a balloon, it is understood that any of a variety 
of devices may be used to reduce a stenosis of a vessel. 
For example, rotating elements have been employed as 
well as relatively high pressure fluid streams or sprays, 
appropriate chemicals, recirculating and non recirculat- 
ing devices. The present invention may be employed 
with any of these stenosis reducing devices or tech- 
niques, as well as those discussed subsequently in rela- 
tion to thrombosis. 

[0023] The. angioplasty expander member 20 is 
selectively expandable to occupy a first contracted 
cross sectional area and a larger second expanded 
cross sectionaJ area. The angioplasty expander mem- 
ber 20 may be any of a variety of configurations, and is 
referred to as a balloon, in contrast to an inflatable 
member for merely retaining a catheter at a location 
within a vessel, the present angioplasty expander mem- 
ber is constructed to withstand significantly higher pres- 
sures. For example, the present angioplasty balloon can 
withstand pressures from 5 psi up to 20 psi. 
[0024] tt is understood that locating balloons are 
used with catheters. These locating balloons are funda- 
mentally different than angioplasty balloons. The locat- 
ing balloon is an elastic member Locating balloons are 
generally spherical and are capable of withstanding just 
sufficient pressure to partially inflate in the blood flow. 
Inflation pressures are relatively low, on the order of one 
psi. The elastic construction of the locating balloon is 
such that the balloon may be subject to increased infla- 
tion pressure and increased diameter up to failure. The 
geometry of the locating balloon is selected to allow the 
balloon (and accompanying catheter) to be carried 
along a vessel by the blood flow. That is. the geometry 
of the locating balloon sufficiently increases the hydro- 
dynamic resistance to blood flow to translate the balloon 
and catheter along the vessel. 
[0025] In contrast, an angioplasty balloon is a gen- 
erally elongate inelastic inflatable member capable of 
relatively high pressures. The angioplasty balloon is 
only expandable to a predetermined size or cross sec- 
tional area. Compared to the locating balloon, angi- 
oplasty balloons may require inflation pressures greater 
than 2 psi and as high as 20 psi or greater. The elongate 
structure of the angioplasty balloon provides for rela- 
tively complete contact along the narrowing of the ves- 
sel. That Is, the spherical locating balloon presents only 
a point or ring of contact with the surrounding vessel. 



The angioplasty balloon contacts a length of the vessel 
to provide relatively constant pressure along the length 
of contact. In addition, a slight inflation of the locating 
balloon is used to increase a resistance to Wood flow 

5 which in turn causes translation of the balloon along the 
vessel, thereby allowing the locating balloon to the dis- 
posed along a vessel.* In contrast, a slight inflation of the 
angioplasty balloon permits flow around and along the 
balloon and does not create sufficient resistance to flow 

10 to induce translation of the balloon (and catheter) along 
the vessel. Use of a locating balloon to perform angi- 
oplasty would allow an elastic balloon to be inflated 
within the vessel such inflation of an elastic member 
could rupture the vessel Alternatively, the elastic mem- 

)e ber of the locating balloon may not have sufficient 
strength to displace the vessel wall and perform the 
angioplasty. 

[0026] The manifold 16 includes inlet ports 17, 19 
and 21. These inlet ports or additional ports may be 

20 adapted to receive desired inputs such as a guide wire 
to aid in the placement of the balloon within the body 
vessel. The inlet port 19 may be employed to introduce 
an inflation fluid through the inlet port to selectively 
expand the balloon 20. 

2S [0027] Referring to Figures 2 and 3. inlet port 1 7 is 
an indicator inlet for introducing the indicator to the cath- 
eter. The angioplasty catheter 10 includes an indicator 
lumen 22 extending from the indicator Inlet 17 in the 
, manifold 16 to the indicator introduction port 30, Prefer- 
so ably, the indicator lumen 22 is located in the Interior of 
the angioplasty catheter 10 and is selectively connected 
to the indicator source 80. The inlet port 21 is connected 
to a corresponding lumen for providing communication 
to the blood property sensor 40. The blood property 

35 sensor 40 is operably connected to the controller 60. 
[0028] The indicator source 80 may be any of a vari- 
ety of configurations, but is preferably a metered dis- 
penser of the indicator, wherein the volume of indicator 
and rate of indicator introduction is precisely controlled 

40 and measured. 

[0029] R is also contemplated the indicator introduc- 
tion port 30 may be a local heater or cooler for selec- 
tively heating or cooling a blood flow past the indicator 
Introduction port. In this construction, the indicator 

45 source 80 is the energy for heating or cooling the flow in 
the region of the indicator introduction port 30. Referring 
to Figure 14, the indicator introduction port 30 may 
include a heating or cooling element for creating a local 
temperature gradient in the passing flow. That is, the 

eo indicator introduction port 30 encompasses a local heat 
sink or heat source for creating temperature gradient in 
the surrounding flow. Thus, a dilution indicator is cre- 
ated without introducing an accompanying volume 
Increase in the flow to be measured. As shown in Figure 

55 13, the indicator introduction port 30 may include a plu- 
rality of radial or axial spaced ortfices through which the 
indicator is introduced into the flow. The particular loca- 
tion and configuration of the orifices are selected to 
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assist in obtaining mixing of the introduced indicator and 
the blood flow. 

[0030] Rerferring to Figure 3, an over-the-wire bal-' 
loon angioplasty catheter 10. wherein the angioplasty 
balloon 20 is shown as scaled to an outer surface of the 
catheter. It will be recognized that the constructions of 
the angioplasty balloon as shown in Figure 3 is merely 
representative of these elements of the various forms of 
balloon angioplasty catheters, and that this representa- 
tive form of drawing has been selected for purposes of 
clarity in describing the present invention. 
[0031 ] As shown In Figures 3-6, the blood property 
sensor 40 is located downstream of the indicator intro- 
duction port 30. Thus, depending upon the particular 
application, the indicator introduction port 30 may be 
intermediate the distal end 1 4 of the angioplasty cathe- 
ter 10 and the sensor 40, or the sensor may be interme- 
diate the distal end of the angioplasty catheter and the 
indicator introduction port. 

[0032] Referring to Figures 4-6, the Wood flow in the 
vascular passage is identified as Qb, and the arterial 
side is identified as A and the venous side Identified as 

V. 

[0033] The sensor 40 is sufficiently spaced from the 
indicator introduction port 30 to substantially ensure a 
complete mixing of the introduced indicator with the 
flow. For artificial grafts, it has been found that a dis- 
tance greater than approximately 5-6 cm between the 
indicator introduction port 30 and the downstream sen- 
sor 40 is sufficient to ensure mixing. It is understood that 
local conditions at the point of indicator introduction will 
effect required distance between the indicator introduc- 
tion port 30 and the sensor 40. Local conditions include 
flow rate, turbulence, introduction rate and port configu- 
ration. Therefore, the actual distance between the blood 
property sensor 40 and the indicator introduction port 
30 may be determined by number of parameters and 
the disclosed value may not apply. 
[0034] The blood property sensor 40 is selected to 
identify a change in a parameter of the blood. That is, a 
variation in a Wood property is detected by the sensor 
40. The particular sensor 40 is at least partially deter- 
mined by the Indicator used. As previously stated, the 
indicators may be any of a variety of indicator such as, 
but not limited to impedance, optical, thermal, electrical, 
density and ultrasound velocity. Thus, depending on the 
particular indicator, the sensor 40 is accordingly config- 
ured. The blood property sensor 40 may be an electrical 
impedance sensor, an optical sensor, a thermal sensor, 
sound sensor or even a chemical sensor. 
[0035] The blood property sensor 40 and the angi- 
oplasty catheter 10 are constructed to provide for loca- 
tion of the sensor with respect to the vessel wall so as to 
minimize wall effects. This is particularly important for 
electrical impedance sensors. That is, if an electrical 
impedance sensor is located adjacent to the vessel 
wall, the impedance measured by the electrical sensor 
drastically increases thereby jeopardizing an accurate 
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measurement of resistance of the blood flow. 
[0036] The electrical Impedance sensor records a 
change in the electrical impedance of the blood induced 
by the Introduced indicator. However, it has been found 

5 that a narrow vascular passage that locates an electri- 
cal sensor adjacent the wall can render improper read- 
ings. Specifically, impedance drastically Increases upon 
locating the sensor in contact with the vascular wall. 
Thus, a configuration of the present invention includes a 

w sensor 40 constructed to maximize sensitivity to blood 
electrical impedance and minimize sensitivity to the 
vessel wall. 

[0037] In one configuration as shown in Figures 8 
and 9, the electrical impedance sensor 40 includes a 

is pair of spaced apart conductive rings 42 on the catheter 
10. Each ring 42 includes a non conducting portion or 
break 44. The non conducting portion 44 may alterna- 
tively be formed by disposing an insulating layer on a 
portion of the ring 42. The insulating layer may be a bio- 

20 logically appropriate paint. The non conducting portion 
44 is used in locating the catheter with respect to the 
vascular wall. The sensor 40 is constructed so that the 
electrical field will preferentially propagate in the blood. 
The rings 42 are sufficiently close to each other so that 

25 the electrical field is confined to a relatively small vol- 
ume between the rings. 

[0038] In an alternative configuration to minimize 
wall effects, a plurality of spaced sensor may be located 
about a circumference of the catheter 1 0. In this conf ig- 

so uration, the conductive portion of the ring is again des- 
ignated as 42 and the non conductive portion is set forth 
as 44. In this construction, each conductive area is 
operably connected to the controller 60. 
[0039] Preferably, the conductive rings 42 are 

35 formed of stainless steel. The distance between the 
conductive rings 42 is selected (1) to be sufficiently 
small to concentrate the electrical filed between the 
electrodes to minimize the influence of the vascular 
wall, and {2} large enough to eliminate the negative 

40 electrode effects (i.e. polarization) of highly concen- 
trated electrical fields in a bipolar system. 
[0040] Thus, the electrical impedance sensors may 
be located to occupy only a specific portion of the angi- 
oplasty catheter periphery. Preferably, the electrical 

45 sensors are longitudinally spaced (separated) and 
occupy a common longitudinal section of the periphery. 
[0041 ] More generally, H is understood that control- 
led catheter rotation may be employed to determine the 
best position of the sensor with respect to the vessel 

so wall as well as the screening of signals from multiple 
sensors to identify the most appropriately located sen- 
sors. In addition, the sensors may be any of a variety of 
blood property sensors including optical, thermal and 
any other chemical or physical property. 

55 [0042] Alternatively, the angioplasty catheter 10, or 
a local section of the catheter may be formed of a suffi- 
ciently rigid material so that a slight bend or curvature 
may be formed and retained in a length of the catheter 
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to form a concave section. The sensor 40 is then 
located within the concave section and is shielded by 
the concavity so as to be displaced from the adjacent 
vessel wall. 

[0043] More generally, an outer wall of the angl- 5 
oplasty catheter 10 may include a recess sized to 
receive the sensor 40. Upon locating the sensor 40 
within the recess wall effects may be substantially pre- 
cluded. 

[0044] The controller 60 is operably connected to 10 
the sensor 40 and the indicator source 80, The control- 
ler 60 Includes a processor for performing the calcula- 
tions necessary to provide the flow rate. 
[0045] The controller 60 may be configured to pro- 
vide the necessary electrical signal to the electrical 16 
impedance sensor. An anticipated frequency will be 
approximately 100kHz. 

[0046] For example, in measuring hemodialysis 
vascular access flow, the controller 60 measures the s 
access flow by monitoring the passage of completely 20 
mixed indicator in the Wood. Referring to Figure 7, the 
concentration curve resulting from the introduction and 
mixing of the indicator is recorded by the sensor. 
Access flow, AF, Is then calculated according to: 

25 



AF 



where V is the volume of the saline bolus [ml], Z h 
is the blood electrical impedance measured in ohms, Z 3 
is the saline electrical impedance measured in ohms, 
S% Is the concentration of saline, AZ/,(0fe the change in 
the electrical impedance from a baseline at time t due to 
injection of the indicator in ohms. \^Z^s%dt is the 
area under the blood electrical Impedance dilution curve 
[ohmx min.]. 

[0050] Similarly, the access flow for a constant infu- 
sion, as shown in Figure 12, may be determined from: 



where V is the volume of indicator introduced, so 
[C(t)dt is the area under the dilution curve that is equal 
to the average concentration of the indicator in the flow 
for the duration of the curve multiplied by the duration of 
the duration of the curve. 

[0047] To provide accuracy of the measurement, as 35 
shown in Figures 4-6, the indicator should by com- 
pletely mixed with the flow and effects resulting from the 
proximity of the vascular wall and the sensor should be 
minimized. 

[0048] For the electrical impedance dilution sensor, ao 
the access flow, AF, can be calculated according to: 

45 

where Zb is the electrical impedance of the blood 
and Zi is the electrical impedance of the indicator (in 
ohms); and AZb(t) is the change in electrical imped- 
ance from a baseline at time t due to the injection of the $0 
indicator. 

[0049] More specifically, the access flow for a bolus 
Injection, as shown in Figure 11, may be calculated 
from: 

66 



AF. 



Q ^Az^fc( s%+0 - 51 >( 1 *§£r,) 



where Q s % is the infusion speed of the saline 
[ml/mi n], Z h is the blood electrical impedance measured 
in ohms, Z 3 is the saline electrical impedance measured 
in ohms, S% is the concentration of saline, and 
A^Os* fe the blood electrical impedance baseline 
shift corresponding to the saline infusion. 
[0051] The controller 60 may be further configured 
to determine an effective cross sectional area of the 
vascular access. Effective cross sectional area directly 
effects the hydrodynamic resistance of the vascular 
access and may be useful as an additional independent 
criteria of vascular access condition. 
[0052] As the controller 60 is connected to or 
receives the time, t of indicator injection by the indicator 
source 80 and the sensor provides a signal correspond- 
ing to passage of the indicator, the transit time of the 
indicator between the indicator introduction port 30 and 
the sensor 40 is provided to the controller. The control- 
ler 60 multiplies the transit time by the calculated 
access flow to determine the volume between the indi- 
cator injection port 30 and the sensor 40. That is, the 
flow rate equals the cross sectional area multiplied by 
the flow velocity. Thus, the effective cross sectional area 
S may be calculated from: 



where MTT is the mean transit time of the indica- 
tor passing the distance L from the indicator Injection 
port 30 to the sensor 40. 

Operation 

[0053] In operation, the angioplasty catheter 10 
may be employed in either of two configurations, (i) 
where the distal end 14 of the angioplasty catheter is 
the upstream portion of the angioplasty catheter as 
shown in Figure 4. or (ii) where the distal portion of the 
angioplasty catheter is the downstream end. as shown 
in Figure 5. In either configuration, the angioplasty cath- 
eter 10 Is inserted into the vessel to locate the indicator 
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introduction port 30 upstream of the sensor 40. 
[0054] An indicator is introduced through the indica- 
tor introduction port 30 from the indicator source 80, It is 
understood that if a thermal indicator were employed, 
the localized heating or cooling of the blood flow would 
not result in any introduction of indicator, but would be 
an indicator formation. The indicator is thus formed or 
introduced upstream of the sensor 40. 
[0055] As at least partially determined by the envi- 
ronment, the sensor 40 is located a sufficient distance 
downstream of the indicator introduction port 30 to 
ensure mixing of the indicator with the blood f tow. 
[0056] The sensor 40 is located to minimize the wall 
effects. As shown in Figure 10 by rotating the catheter, 
the rings 42 are moved relative to the adjacent vascular 
wall. By rotating the sensor 40 to locate the orientation 
of minimal impedance, as shown between the lines on 
the graph, the sensor is located to measure the electri- 
cal impedance from the blood flow, rather than the adja- 
cent wall. Thus, the catheter 10 is rotated to locate the 
sensor 40 so that the impedance is minimal. 
[0057] If the configuration of the electrical sensor 
having a plurality of circumfererttially spaced conductive 
areas is employed, the resulting impedance measure- 
ment is monitored for each area and those areas having 
adverse wall effects are not employed by the controller 
60, while those areas having a minimized wail effect are 
relied upon by the controller 60. 
[0058] Alternatively, the controller 60 will simultane- 
ously employ the signals of all sensors using an algo- 
rithm to optimize the results with best elimination of wall 
effects. Alternatively, the plurality of sensors may be 
read by the controller in a sequential manner and the 
appropriate sensor(s) employed. 
[0059] The blood flow causes the indicator bolus to 
pass the downstream sensor 40. Passage of the bolus 
is measured by the sensor 40. The Wood flow may then 
be calculated by the controller 60. 
[0060] The angioplasty procedure is then per- 
formed. That is. the angioplasty balloon is inflated and 
the vessel is locally expanded. It is understood the pro- 
cedure may be any of the previously recited operations. 
[0061] A subsequent blood flow measurement is 
then taken again by introducing a second indicator 
bolus (or forming a second Indicator bolus) upstream of 
the sensor 40, and measuring passage of the bolus 
past the sensor and calculating the flow rate. 
[0062] The operator may thus readily Identify any 
increase in blood flow through the vessel and repeat the 
procedure as necessary. 

[0063] It Is understood that some procedures, such 
as vascular access in hemodialysis, there may be suffi- 
cient vessel volume to accommodate two catheters. In 
such situations it is anticipated an angioplasty catheter 
and a separate dilution sensor catheter may be 
employed. That is, the expander balloon 20 is located 
on a separate catheter from the sensor 40. In this oper- 
ating configuration, the present system again allows for 
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intra-procedural measurement of the flow by employing 
the dilution techniques set forth herein, for flow meas- 
urement before, during and after the angioplasty proce- 
dure. 

s [0064] ft is also considered that the present inven- 
tion may be employed subsequent to an angioplasty 
procedure. That is, in using either the combined angi- 
oplasry-sensor catheter or separate angioplasty cathe- 
ter and sensor catheter, the angioplasty procedure may 

w be performed and then the blow flow determined. 
Although no prior measurement Is made with device, an 
after angioplasty measurement can be made. The after 
angioplasty measurement may be compared to a base 
line value, if desired. 

16 [0065] It is understood, the present invention is 
applicable to corrective procedures for thombosed or 
malfunctioning vascular access as well as occluded or 

. partially occluded vessels, including but not limited to, 
stenosed ducts, channels, canals, tubes, vessels or the 

20 like. The term stenosis is taken to encompass all these 
terms as well as any narrowing or reduction of a pas- 
sage through which flow is to be restored. The use of 
the present invention in connection with the procedure 
provides the real time evaluation of the procedure. 

25 [0066] The corrective procedures include, but are 
not limited to, the removal of a thrombus, angioplasty, 
atherectomy or dislodgment of a thrombus. The removal 
of a thrombus may be accomplished in a variety of ways 
including (i) ph arm aco mechanical thrombolysis using 

so uroWrnas; (ii) pulse-spray thrombolysis using her- 
parlnized saline; 011) balloon thrombectomy techniques; 
and (iv) mechanical thrombectomy devices. Including 
recirculation type devices and non-recircuiation type 
devices. 

35 [0067] In addition, the flow calculation may be per- 
formed prior to the corrective procedure, after the cor- 
rective procedure or before and after the corrective 
procedure, to provide intra-procedural flow measure- 
ments. 

40 [0068] Thus, the present invention provides intra- 
operative evaluation of access f tow during surgical pro- 
cedure to allow more rapid restoration of a more func- 
tional graft, extend access life and reduce the incidence 
and expense of full access revision surgery. The imme- 

45 diate feedback of access flow, including arterial and 
venous flow, in response to the angioplasty permits the 
operator to maximize the effect of the procedure as well 
as reduce the need for repeating the procedure. 
[0069] While the invention has been described with 

50 reference to preferred embodiments, it will be under- 
stood by those skilled in the art that various changes 
may be made and equivalents may be substituted for 
elements thereof without departing from the scope of 
the invention. In addition, many modifications may be 

55 made to adapt a particular situation of material to the 
teachings of the invention without departing from the 
scope of the invention. Therefore, it is intended that the 
invention not be limited to the particular embodiments 
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disclosed as the best mode contemplated for carrying 
out this invention, but that the invention will include all 
embodiments falling within the scope and spirit of the 
appended claims. 

Claims 

1 . A stenosis reducing catheter, comprising: 

(a) a stenosis reducing member selectively 
actuatable to reduce stenosis in a vessel; 

(b) a port for inducing a blood properly change; 
and 

(c) a sensor spaced from the blood property 
change port for providing a signal correspond- 
ing to a change in a blood property. 

2. The catheter of claim 1 , wherein the sensor and the 
catheter are configured to locate the sensor with 
respect to the vessel to minimize wall effects. 



14 

passage of an altered blood property past the 
Wood parameter sensor. 

1 0. The method of claim 9, wherein performing the ste- 
5 nosis reducing procedure includes angioplasty. 

11. The method of claim 9 or 10, further comprising 
locating the blood parameter sensor to reduce wall 
effects from the vessel. 

10 

12. The method of claim 9, 10 or 1 1 , further comprising 
rotating the blood parameter sensor with respect to 
the vessel to reduce wall effects from the vessel 

15 1 3. The method of any one of claims 9- 1 2. further com- 
prising locating a plurality of blood parameter sen- 
sors in the vessel. 



20 



3. The catheter of claim 1 or 2, further comprising a 
controller operably connected to the sensor to cal- 
culate a flow rate corresponding to the signal from 
the downstream sensor. 25 



4. The catheter of claim 1, 2 or 3, wherein the port 
includes an aperture for introducing a blood prop- 
erty variant. 

30 

5. The catheter of any one of claims 1 -4, wherein the 
blood property change port and the sensor are 
spaced by a sufficient distance to substantially mix 
a dilution indicator introduced through the port and 
the blood flow. 35 



6. The catheter of any one of claims 1 -5, wherein the 
port includes one of a heat sink and a heat source 
for creating a local temperature gradient. 

7. The catheter of any one of claims 1 -6, wherein the 
sensor detects changes in one of electrical imped- 
ance and electrical resistance. 



8. The catheter of any one of claims 1 -6, wherein the 45 
sensor detects one of an optical, thermal, electrical, 
chemical or physical property of the Wood. 

9. A method of monitoring a stenosis reducing proce- 
dure in a vessel comprising ; so 

(a) locating a blood parameter altering section 
in the vessel; 

(b) locating a Wood parameter sensor down- 
stream of the altering section; 55 

(c) performing the stenosis reducing proce- 
dure; and 

(d) determining a Wood flow in response to a 
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